We present more than 1000-day long photometry of EY Draconis in BV (RI)C passbands. The changes in the light curve are caused by the spottedness of the rotating surface. Modelling of the spotted surface shows that there are two large active regions present on the star on the opposite hemispheres. The evolution of the surface patterns suggests a flipflop phenomenon. Using Fourier analysis, we detect a rotation period of Prot = 0.45875d, and an activity cycle with P ≈ 350d, similar to the 11-year long cycle of the Sun. This cycle with its year-long period is the shortest one ever detected on active stars. Two bright flares are also detected and analysed.
Introduction
Fast rotating late-type stars are known to possess strong magnetic fields (see e.g. Pizzolato et al., 2003) . These manifest in observable features like starspots, flares, emission in the Hα and Ca II lines, activity cycles, and significant emission in the EUV/X-ray regime (see e.g. Ayres & Linsky, 1980; Berdyugina, 2005; Hall, 2008; Pagano et al., 2001) . Although Doppler-imaging and polarimetry gives a priceless tool in the hands of astronomers, the value of long-term photometric observations should not be underestimated, since this is the only way to continuously follow the behaviour of a star on the timescale of years or decades.
EY Dra is a well-known example of active stars with a history reaching back to almost two decades. In 1991 the ROSAT EUV/X-ray satellite detected EY Dra as an EUV source. Jeffries et al. (1994) classified the object as a single, rapidly rotating (v sin i = 61kms −1 ) dM1-2e star, similar to HK Aqr. The authors presented a thorough spectroscopic analysis and recommended the star as a candidate for studies of extreme magnetic activity. Eibe (1998) carried out high-resolution Hα measurements, and suggested the presence of plage-like regions and prominence clouds above the stellar surface. Barnes & Collier Cameron (2001) used Doppler-imaging to obtain a surface map. The Doppler-map showed spots on all latitudes, but no significant evidence was found for the existence of a polar cap. Although active regions on the Sun appear always on lower latitudes, high-latitude spots and polar caps are familiar features on rapidly rotating stars as a result of the dominance of the Coriolis force over buoyancy force on the rising flux tubes (Schüssler & Solanki, 1992) .
The first extensive photometric study of EY Dra was done by Robb & Cardinal (1995) , who examined V -band data. The light curve showed an unusual W-shape, a small flare, and a period of 0.459d. Recent study of Korhonen et al. (2007) used both V and R photometric measurements and spectroscopic data in optical and infrared domain. The authors find two active regions, chromospheric plages and prominences. The plages seemed to be associated with the active regions, as seen on the Sun. In Vida (2007) V -band photometry was presented covering almost 500d. The data indicated slow evolution of the surface spots and also a possible longer cycle of about 300d. The length of the dataset, however, was too short for such a conclusive statement. Plavchan et al. (2009) analyzed 24 µm and 70 µm Multiband Imaging Photometer for Spitzer (MIPS) observations of 70 dwarfs, including EY Dra. They found no IR excess, and concluded there is no disk around the star.
In this paper we carry out the analysis of BV (RI) C photometry of EY Dra covering more than 1100 days.
Observations
Observations were obtained using the 60cm telescope of the Konkoly Observatory at Svábhegy, Budapest equipped with a Wright Instruments 750 × 1100 CCD camera (FoV 17 ′ ×24 ′ ). Measurements were carried out on 116 nights between 2005 August 5 and 2008 October 24 using BV (RI) C filters. Altogether more than 2500 data points were col- lected in each passband. Data reduction was carried out using standard IRAF 1 packages. Differential aperture photometry was done using DAOPHOT package.
GSC 03904-00259 and GSC 03904-00645 were used as comparison and check star, respectively (see finding chart in Fig. 1 ). Comparison-check magnitudes are −0.304 ± 0.018, −0.316±0.014, −0.347±0.020 and −0.348±0.022 for B, V , R C , and I C filters, respectively. Unfortunately, no standard magnitudes are available for the comparison star, so we used standardized differential magnitudes in the paper.
The resulting V light curve is plotted in the top panel of Fig. 2 . For the phased light curves we used the ephemeris E = 2453588.16582 + 0.4587d.
Analysis

Period search
Fourier analysis of the data was performed using MUFRAN (MULTI FREQUENCY ANALYSIS) written by Kolláth (1990) . The Fourier spectrum and the spectral window for the V light curve are plotted on Fig. 3 . The strongest signal is caused by the rotational modulation at P 1 = P rot = 0.45875 ± 0.00003d. The errors of the periods were estimated by increasing the residual scatter of the least-squares solutions by 0 . m 0005 which corresponds to 10% of the precision of the data used (cf. Press et al., 1992) . Another signal at the half of the rotation period (P 2 = 0.22936 ± 0.00001d) is also present, and the result is the same when we fit the data with the main period and its first harmonic together. This result reflects two major active regions on the stellar surface in the opposite hemispheres. (see the 'W'-shaped light curves on Fourier analysis of the original V light curve split to three parts. The second row shows the Fourier-spectrum after prewhitening with P rot , in the third row both P rot and the signal at P rot /2 is removed. The same rotation period within the errors is found in all three parts. A signal at the half period is also present in all three segments. This suggests two major active regions on the stellar surface all the time. 
Fig. 5
Periodogram made by using the SLLK method described by Clarke (2002) . The large plot is zoomed in to P rot = 0.45875d, the insert shows the full periodogram in the range of 0.1-0.6d.
from the modelling in Fig. 2 ) After removing these signals plus a long-term trend which is comparable to the length of the dataset, we find a period of P 3 = 348 ± 19d. Small residuals are present near the main period and its half, possibly originating from the modulation residuals, i.e., from the changes of the light curve shapes.
To check for changes in the periods, we divided the data to three parts, each covering ≈ 400 days, as shown in the top panel of Fig. 2 , and performed Fourier analysis for each segment. The result is plotted in Fig. 4 . The resulting frequencies differ only a few seconds, and the differences are beyond the reliability of the period determination (0.0001d), so the period is stable during the observations. As a test, we checked the data for periods using the SLLK method (String/Rope length method using LaflerKinman statistic) described by Clarke (2002) . This method phases the light curves with different periods, and selects the period giving the smoothest light curve as the correct one. This method is very useful for finding periods for stars having non-sinusoidal light curve shape. The SLLK method gave the same result as the Fourier analysis (P rot = 0.45875d, see the periodogram in Fig. 5 ).
Spot modelling
The light variation of EY Dra is caused by the rotation of the spotted surface. The modelling of this spottedness was done using SPOTMODEL (Ribárik et al., 2003) , which describes the intensity changes in an analytic way using homogeneous circular spots (Budding, 1977) . This assumption is a valid approximation e.g. to the shape of the sunspots or the stellar www.an-journal.org spots observed with Doppler-imaging. Another advantage of this model is the low number of free parameters: only the radius, location, and the temperature has to be fitted. "Spots" however are probably not homogeneous dark areas, but mixtures of unresolved dark (cool) and bright (hot) regions, similar to the active nests observed on the Sun. Thus, the temperature of the model spots is regarded as the average temperature of hot and cool areas. During the modelling we have assumed two spots on the northern hemisphere, since a two-spot model can follow arbitrary spotted light curves well within the precision of the photometry (Kővári & Bartus, 1997) . SPOTMODEL is capable of spot temperature modelling making use of the colour index curves. We have chosen V − I C (Fig. 7) for determining the spot temperatures, since this colour index variation relates to the temperature changes the best. During the fitting process T eff was set to 3900K according to Barnes & Collier Cameron (2001) . Basic stellar parameters are summarized in Table 1 . The brightest values of the longterm light curve were used as unspotted magnitudes in each passband. Modelling was run for 16 light curves, plotted in Fig. 6 . Two samples of the phased V light curve, B − V , V − R C , and V − I C colour indices are plotted in Fig. 8 together with the spot model fit. The fits show model curves with parameters derived from the modelling of the V − I C colour index curve, only the temperature-dependent parameters were changed for the plots. The resulting parameters are plotted in the lower panels of Fig. 2 , except spot latitudes, since these values cannot be precisely determined at the given photometric precision. The spot temperature is about 500K below the photospheric temperature. Due to the low amplitude of the light curves the derived temperatures have relatively large errors, therefore their change seen in Fig. 2 has low significance. Models with different spot temperatures by 2-300K result in changing the spot radii by a few (1-3) degrees, so the overall picture of the spot radii variability remains the same.
The longitudes of both of the two active regions remain similar, i.e. stay within ≈ 80
• during the time of the observations, more than 1000 days. In this time, the active region at phase ≈ 0.3 slowly decays, while the other one, at phase ≈ 0.8 gets more and more prominent.
Flares
During the observations two noteworthy flare events happened: in JDs 2453622 and 2454374, lasting about 3.5-3.8 hours. Both events could be well seen in all filters, as plotted in Fig. 9 . The plots show instrumental light curves, which was used for flare energy calculations. The fast colour index changes does not allow a perfect transformation to the international system during flares; the necessary interpolations (which would be only rough approximations of the colour indices anyway) would blur the details of the observations. The first event is a complex one, covering three days. Before the large eruption five smaller outbursts were observed at different phases, probably not connected with the main event. All of them, however happened when the dominant active region was visible, around mid-phase of 0.3, suggesting a connection between the starspot and the flares. According to its phase of about 0.9, (cf. Fig. 6 and 2), the other flare on JD 2454374 could also be associated with the smaller active region on EY Dra.
For estimating flare energies, we followed the method described by Kővári et al. (2007) . The energy emitted by the two flares and their equivalent durations are summarized in Tab. 2. The second flare (JD 2454374) is slightly more energetic, though its peaks are lower in the red colours than that of the first flare (JD 2453622) (Fig. 9b) .
We give a rough estimation for the colour temperature of the two flares at their maxima, by following the method of de Jager et al. (1986) . The flare flux is significantly measurable in B, and barely in V , thus we use only those colours. If A is the ratio between the projected area of the flaring region and the visible stellar surface, then the flux ratio between the flaring and the quiescent star is
where F S is the total flux of the quiescent star (Table 2) , F F is the flare flux, B F and B S are the blackbody fluxes of the flare and the star, respectively. Note that there are two unknown quantities in Eq. 1, A and T F , the flare temperature through B F . We only search for solutions by trial-and-error in a reasonable temperature range (see Table 3 ). If we assume the given range feasible for a dMe star, we get some 0.1-0.01% of the visible stellar surface for the flaring region, which is comparable with other results (cf. Oláh et al., 2001 ).
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Discussion
Our spot modelling revealed two permanent, large active regions on EY Dra. From the beginning of the observations to JD ≈2454600 we can follow the decay of the spot group around phase 0.4 (see spot radii values on Fig. 2 and phased light curves on Fig. 6 ). At the same time, the active region around phase 0.8 became more prominent. During the observations the total spotted area decreases from ≈ 15% to ≈ 10%. Note, that the derived spottedness values are lower limits, since the unspotted brightness is set to the maximum observed magnitudes. The change of the spot parameters in Fig. 2 is reminiscent to those observed on FK Com by Oláh et al. (2006) . The longitudes of the spots remain in a relatively narrow region, the distance of the two active regions is also similar, ≈ 130
• (see the two histograms in Fig. 10 ). The third panel of Fig. 2 shows clearly, that after JD 2454400 the dominance between the two active region exchanges; the light curves of Fig. 6 directly show this change (JD 54363-54377 and JD 54539-54567). This kind of so-called flip-flop phenomenon was observed on many stars, see e.g. Jetsu et al. (1991) . Elstner & Korhonen (2005) showed that a mixed-mode dynamo including a nonaxisymmetric and an oscillating axisymmetric mode can describe this kind of phenomenon in stars with thick convection zones.
The Fourier analysis showed, that there is one strong signal in the light curve. This modulation with P rot = 0.45875d is caused by the rotation of the spotted surface. Since in most cases there are two active regions on EY Dra (see Fig. 6 ), a signal appears also at P rot /2 in the spectrum. Next to the strong signals of P rot and P rot /2 weaker peaks can be found. This might be the result of differential rotation, but the difference between the signals is too small to draw such a conclusion. Differential rotation can still be present on the stellar surface, but when the latitudes of the active regions are close to each other, it is beyond the limit of detection. Unfortunately from photometry alone no trustworthy information can be determined on the spot latitudes. On the other hand, the small peaks near the rotational period and its half in the Fourier spectrum may originate simply from the modulation residuals, i.e., from the change of the light curve shapes. In summary: the detected rotational period of EY Dra is remarkably stable during the three years of our observations. This could be the signature of a persisting magnetic configuration on the stellar surface, with spots on the same latitude. In the same time the two narrow regions of spot longitudes (see Fig. 10a ) also means long-term stability of the spot position. Stable magnetic fields lasting for at least one year was observed on V374 Peg (Morin et al., 2008) , which is about 0.3 solar mass and fully convective. EY Dra is also a low mass star (about 0.5 solar mass, cf. Eibe, 1998) with a very deep convection zone, therefore a similar stable magnetic configuration on its surface is possible.
Another peak in the amplitude spectrum indicates a long-term variation with P cycle ≈ 350d (see the light curve plotted in Fig. 11 ). This can be a result of an activity cycle, similar to the 11-year long cycle observed on the Sun. Signs for the presence of this year-long cycle can also be found in ROTSE archive data, as shown in Vida (2007) . This solarlike cycle is the shortest activity cycle known. As to our knowledge, there are only two M stars which show activity cycles: EY Dra (M1-2) with a very fast rotation of 0.46 days and a cycle length of about 1 year, and HD 95735 (M2), slowly rotating with a period of about 55 days having cycles of 3.4-3.9 and ≈11 years (cf. Oláh et al. (2006) .
Summary
-Fourier analysis showed, that the rotation period is P rot = 0.45875d, which is stable during the observations. -An activity cycle of ≈ 350d has been found.
-Spot modelling showed that the active regions on the surface are located around ≈ 130 and ≈ 250 degrees.
-The evolution of the surface indicates a possible flip-flop mechanism. -No reliable evidence was observed on differential rotation. -Two flare events were found around JDs 2453622 and on 2454374, possibly connected with the active regions on the surface.
